


Hydraulic model  stvdies of the Webs te r  Dam Spillway, a 
par t  of the Mis sour i  River Basin P ro j ec t ,  were  conducted in  the 
Hydraulic Labora tory  of the Bureau of Reclamation a t  Denver, 
Colorado, du r ing  the period October 1952 to August 1953. 

The  f inal  plans evolved f rom this study were  developed 
through the cooperation of the staffs of the Spillway and Outlets 
Section and the Hydraulic Laboratory.  

Dur ing  the course  of the model  s tudies ,  Mess r s .  H. W. 
Tabor ,  C. J. Hoffman, and G. H. Austin of the Spillway and Out- 
l e t s  Section frequently visited the laboratory to observe the model  
t e s t s  and d i scuss  the r e su l t s .  

T h e s e  s tud ies  were  conducted by G. L. Beichley with the 
aid of Dr.  Abdias Guzman from the University of Colombia a t  
Bogata, Colombia, South America .  The s tudies  w e r e  supervised 
by  W. E. Wagner,  A. J. Pe te rka ,  and J. N. Bradley under the 
Hydraulic Labora tory  direction of H. M. Martin.  
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SUMMARY 

Hydraulic m ode1 s tudies  of Webster Dam Spillway (F igures  
1 through 8) were made on a 1: 54 scale  model (F igures  9, 10,  and 11) 
for  the purpose of developing and checking the hydraulic design. 
Data .and notes taken on the flow i n  the mode 1 showed that the genera l  
concept of the preliminary design was satisfactory.  However, the 
following design modifications and developments were accomplished: 
the inlet walls i n  the spillway approach (F igures  12, 14, and 15) 
were  ~nodif ied to  provide economy without loss; of sat isfactory flow 
conditions; the location of the auxiliary float well intake w a s  de te r -  
mined; the rad ia l  gate trunnion was relocated a t  a higher elevation 
s o  that i t  and the gate .counterwei$ht would c l e a r  the water sur face  
(F igures  16 and 17) ;  the minimum height of the training walls along 
the chute and sti l l ing basin was determined f rom water  surface pro- 
file measurements  (Figure 23); and the st i l l ing basin was  modified 
to eliminate scouring in the discharge channel principally a t  the 
downstream corne r s  of the basin (Figures  24, 29, 30, 3 1 ,  32, 33, 
and 35);  the spillway was calibrated for  use in operating the spill- 
way gates of the prototype to control d i scharges  (F igures  1 8  and 
19), and the spillway was checked f o r  subatmospheric p r e s s u r e s  
(Figure 20). Motion pictures were made showing the final recom- 
mended spillway discharging the design flow in the spillway approach, 
gate section, chute, and sti l l ing basin. Motion pictures were a l so  
made of sma l l e r  discharges i n  the recommended sti l l ing basin. 

INTRODUCTION 

Webster Dam is a par t  of the Webster Unit of Solomon 
Division of the Missouri  River Basin Pro jec t .  It is located on the 
south fork of the Solomon River  approximately 1 mile downstream 



a s  shown on the location m a p  in F igure  1. T h e  dam, shown in Fig- 
u r e s  2 and 3 ,  is an ea r th - f i l l  embankment  approximately  10 ,600  feet  
long a t  the 30-foot wide c r e s t  with a maxinlum height of approx imate ly  
110 feet  above the r i v e r  bed in the divers ion channel. 

The  concre te  spil lway is located n e a r  the left  abutment.  The  
spi l lway cons i s t s  of an  excavated approach  channel, concre tc  lined 
a t  the downstream end; spil lway c r e s t  s t r u c t u r e  with t h r ee  r a d i a l  
ga tes ,  hoist deck,  and highway bridge;  a concrete-l ined chute and 
s t i l l ing  basin;  and an excavated outlet channel which l eads  to the  
Solomon River ;  a l l  shown in  F i g u r e s  2 through 8.  The  spi l lway ap- 
proach  and outlet channels a r e  to be lined with a crushed-rock and 
r i p r a p  blanket adjacent  to the concrete  s t r u c t u r e .  

The  spi l lway is 116 feet wide a t  t he . c r e s t  and 843 feet  long 
f r o m  the ax i s  of c r e s t  to the end of the s t i l l ing  bas in .  The  c r e s t  is 
a t  elevation 1884. 60 which is 5 fee t  below the n o r m a i  r e s e r v o i r  e l e -  
vation and 5 3 . 4  feet  below the maximum r e s e r v o i r .  The flow is 
controlled by t h r ee  33-fool 4-inch wide rad ia l  ga tes  separa ted  by 
8-foot p i e r s .  The  spil lway is designed to d i s cha rge  138,000 second 
fee t  which co r r e sponds  to 1 , 3 8 0  second feet  p e r  foot of usuable 
c r e s t  length. The  flow d rops  a ve r t i c a l  d i s tance  of 82.6 feet  in a 
hor izonta l  distance of 713 feet  measu red  f rom the c r e s t  axis t o  the  
ups t ream end of the s t i l l i ~ ~ g  basin.  T h e  s t i l l ing  bas in  is 264 feet  
wide by 130 feet  long. Chute blocks a r e  used a long the ups t r eam 
edge  of the s t i l l ing  basin and a dentated end s i l l  at the downstream 
end a s  shown in  F i g u r e  8. Stilling bas in  wing wal l s  a r e  provided 
n e a r  the downstream end of the basin a t  r ight  ang l e s  to the d i r ec -  
tion of flow. 

THE MODEL 

The  model  was  constructed and tes ted  in the Bureau of 
Reclamation Hydraulic Labora to ry  at the F e d e r a l  Cen t e r  nea r  Denver,  
Colorado.  It was  a 1:54 s ca l e  reproduction of the spi l lway and s u r -  
rounding a r e a  as shown in F i g u r e s  9, 10, and 11. 

T h e  r e s e r v u i r  topography was reproduced fo r  a dis tance  of 
approximately  700 feet  ups t ream f r o m  the spil lway c r e s t  and f o r  324 
fee t  to the r ight  and left of the spil lway cen t e r  line. Downstream 
f r o m  the end of the s t i l l ing  basin,  topography was  reproduced fo r  a 
dis tance  of approximately  475 feet  and f o r  a d i s tance  of 324 feet  to  
the right and left of the spil lway cen t e r  line. 

Topography i n  the r e s e r v o i r  a r e a  of the mode l  was molded 
of concre te  m o r t a r  placed on meta l  lath which h a s  been nailed o v e r  



Figure  10. -   ode l concrete  s u r G c e s  s imulat ing nonconcrete s u r -  
faces  of the prototype, such a s  topography, were  given a rough fin- 
i sh  while concrete su r faces  simulating concrete su r faces  in the pro-  
totype were given a smooth finish. Topography in the downstream 
a r e a  was formed in sand in o rde r  to  provide a movable bed in which 
to  study the erosion charac te r i s t ics  of the flow leaving the s t ruc ture .  

The spillway c r e s t ,  chute, and s t i l l ing basin floor w e r e  
4 molded in cement m o r t a r .  Sheet-metal templates accurately cut 

and placed were  used as guides. P iezometers  over  the c r e s t  sec-  
tion consisted of 1116-inch inside-diameter copper tubes that were  
soldered at r ight angles to the profile shape of the template and filed 
flush. 

Water was supplied to the model by means  of the laboratory 's  
permanent supply system. The water  was pumped from the under- 
f loor  r e se rvo i r  through a 12-inch main supply line to the model. The 
discharge was  regulated a t  the automatic control  board and meas -  
ured by a venturi m e t e r  of appropriate s ize .  The r e se rvo i r  eleva- 
tion was measured with the hook gage in well located approximately 
as shown in F igure  9.  The tail  water elevation was controlled by 
the ta i l  water control gate and measured  by use of a permanently 
mounted point gage. Certain water sur face  profiles were  recorded 
by means of a sliding point gage mounted on a r a i l  while o thers  were  
recorded by measuring the depth of flow. P r e s s u r e s  on the spillway 
c r e s t  were  measured by use of nine piezometers  on the center line 
of spillway shown in F igu re  9. 

Head losses  due to  friction in the model a r e  usually g r e a t e r  
proportionately than indicated by the model s ca l e  because su r faces  
sufficiently smooth to  represent  prototype su r faces  to scale  do not 
exis t .  Therefore ,  to maintain the sca l e  velocity throughout the model 
chute, i t  was necessary  to e i ther  increase  the s lope of the chute o r  
reduce the chute length. F o r  this s t ruc tu re  i t  was advantageous to 
increase  the slope s o  that the geometr ical  simili tude of the diverging 
chute in plan would be  unaltered. It would then be possible to observe 
and study the flow pattern throughout the chute a s  i t  would occur  in 
the prototype. 

The s lope correct ion was applied only to the constant slop- . ing portion of the chute which extended from Station 9+80, a t  the 
1 downstream end of the c r e s t  profile, t o  Station 15+19. 58, a t  the 

P. I. of the ver t ical  curve.  The slope required f o r  the model. chute 
was  computed to be 0.0315 as compared to 0 .02  in the prototype. 
This  increased slope amounted to  an additional d rop  of 1 .38  inches 
between these two stations in the model. With this slope correction 
the velocity of the design flow entering the st i l l ing basin more t ruly 



i n  the ~r)trcic i basin m o r e  c lose  1:; repl-csented the prototype energy .  

THE 1Ii ITESTIC;i\ 7'li)N 

The  irlvestigati1)n was concerned with the pe r fo rmance  of 
ttir s j~i l l \vay and with the e r o s i o n  of the  r i v e r  bed caused by the  flow 
leaving the s t i l i ing  bas in .  The r n = i m u n ~  des ign flow which dur ing  
the c o u r s e  of th ls  itivustigativn was 136.000 second  feet  was  of p r i -  
m a r y  conccr.n. T h i s  d i s c h a r g e  cor responds  t o  about 1 ,  360 second 
feet p e r  foot of usable c r e s t  length with a heud on the c r e s t  of 53. 1 
fee t  . After  completion of this  study the rnaximum head was i n -  
c reased  t.rl 5 3 . 4  fee t  and the maxitnum d i s c h a r g e  t o  138,000 second 
f e e t .  Tc3 a lesser, clcgree, the i r~ves t igat ion was concerned with the 
spi1iwa.v discharging f lows less  than tnaximum t.o be ce r ta in  that the 
s t r u c t u r e  opera ted  a s  intended and that Ihe e r o s i o n  pat tern  w a s  s a t -  
isfactor.. o v e r  the ent i re  d i s c h a r g e  range .  The  invest igat ion in -  
c l ~ ~ d e d  the tes t ing  of the s,>illway approach,  gate sec t ion ,  chute ,  and 
the stilling basin as well as the invest igat ion of the e ros ion  pa t t e rn  
caused by the flow leaving the basin.  

Spillway Approach - 
F l o ~  Charac te  ris t i c s  

T h e  mode l  of the spil lway approach a r e a  with the p re l imi -  
n a r y  inlet wall des ign is shown in F i g u r e  12(A). F i g u r e s  12(B), 
12(C), and 12(D) show 136, 000 second fee t  approaching,  en te r ing ,  
and pass ing through the gate  sec t ion.  The  flow approached the  
spi l lway qu i t e  sat . is iactori ly for  a l l  d i s c h a r g e s ;  however, the flow 
piled u p  on the p i e r  n o s e s  a s  shown in F i g u r e s  1 2  and 13 and the  
w a t e r  s u r f a c e  w:~s drawn clown aro.tnd them f o r  d i s c h a r g e s  n e a r  
maximum.  T h i s  was n m a t t e r  of i n t e r e s t  hoivevel-, r a t h e r  than 
concern .  

Development of the Inlet W a l l s  

Flow along the pre l imlr iary  inlet wal ls  w a s  v e r y  smooth  
even  f o r  the maximum design d i s c h a r g e  as shown in F i g u r e  12(B), 
but it  was decided by the designe:-s t o  tes t  f o u r  a l t e r n a t e  inlet wall  
des igxs  that w e r e  m o r e  e c o n o n ~ i c a l  f o r  prototype const ruct ion.  A l l  
f o u r  a l t e rna te  des igns  opera t ing  with the  maxinlum d i scharge  of 
136 ,000  second feet a r e  shown i r ?  F i g u r e s  1 4  and 15. Design No. 3 
w a s  the most  economical  des ign  t o  cons t ruc t ,  but the drawdown 
a round  the v e r t i c a l  portion of inlet  wall w a s  cons ide red  to be too 
g r e a t ;  t h e r e f o r e ,  the second m o s t  eccjnomical s t r u c t u r e  shown a s  



tion.- This  design caused some disturbance along theVsloping walls 
for  discharges nea r  maximum, but t e s t s  showed that this disturbance 
did not reduce the capacity of the spillway. Motion pictures  of the 
design flow along the recommended inlet walls were taken. 

Determination of the Auxiliarv Float Well Intake Location 

Float wells a r e  provided in the p ie rs  of the prototype 
c s t ruc ture  to adjust the rad ia l  gate openings automatically when the 

r e se rvo i r  elevation fluctuates. The main entrance intake fo r  the 
float wells is located in the approach channel approximately 500 
fee t  upstream Erom the spillway and below c r e s t  elevation. F o r  
high reservoi r  elevations this intake entrance and the intake supply 
line to the float wells is ve ry  deeply submerged and emergency r e -  
pa i r s  would be very  difficult. Therefore ,  an auxiliary intake and 
supply line was to be provided and i t s  location was to be determined 
f r o m  model tes t s .  

It w a s  necessary  that the head on the auxiliary float well 
intake represent  the r e se rvo i r  elevation v e r y  closely. A velocity 
head drawdown of approximately one-half foot f rom r e s e r v o i r  e le-  
vation was considered allowable by the des igners  f o r  the maximum 
design discharge.  Three  locations fo r  the auxiliary intake were  
tested in the model. 

The f i r s t  location tested w a s  a t  elevation 1877 on the right 
p ie r  nose.  A piezometer in the model a t  this point revealed that 
fo r  maximum design discharge,  the p re s su re  head was about 2 .6  
feet  l ess  than r e se rvo i r  elevation a s  shown in F igure  13. Th i s  lo- 
cation, therefore ,  was considered unsuitable. 

The second location tested was in the r e se rvo i r  on the ex-  
tended line of the left training wall and about 3 feet  above the ground 
sur face  with the intake opening facing downstream. Measurements  
were  made to determine how far upstream along th is  line the intake 
entrance would need to be to meet the velocity head drawdown limita- 
tion. Velocities i n  the direction of flow were measured  along this  
line in the model, a t  about 3 feet  above the ground sur face ,  using a 
Stevens midget cur ren t  meter .  The following resu l t s  were obtained: 

75  feet  upstream f rom the c r e s t  axis  and in line 
with left training wall--1 1. 8 f t /sec--2.  l e f t  
drawdown 

115 feet  upstream from the c r e s t  axis  and in line 
with left training wall--9. 5 ft jsec--1.40-ft  
drawdown 



with left iraining wall--?. 4 f t /sec--0.  85-ft 
drawdowii 

187 feet  upstream from the c r e s t  =is and in line 
with left training wall--5. 9 f t / sec- -0 .  54-ft 
drawdown 

Therefore ,  i t  was necessary  that the intake be located a t  least  1 8 7  
feet  upstream where the velocity i n  the direction of flow was about 
6 feet  per  second and the velocity head was a little over one-half 
foot. This  was too f a r  to be desirable .  

After the revised inlet w a l l s  were  developed, a third loca- 
tion in the face of the left inlet u a l l  nea r  the upstream end shown i.n 
F igu re  5 was tested and recommended for prototype construction. A . 
point gage measurement  a t  this point in  the model showed the water  
sur face  to average approximately 0 . 4  of a fpot below the r e se rvo i r  
elevation which w a s  acceptable. Surface waves in the intake a rea ,  
shown in F igure  15(D), measuring 0 .5  of a foot high f rom c r e s t  to  
trough were objectionable, but s ince the auxiliary intake would be 
used only in an  emergency, and since in the wall i t  was more eas i ly  ac- 
cessible  than in the r e se rvo i r ,  the wall location was considered 
sat isfactory by the designers .  

Spillwzy Gate Section 

Water  Surface Prof i les  

Flow through the gate section is shown in Figure 12(D) fo r  
the design discharge of 136,000 second feet  and in F igure  11 (B) fo r  
11, 000 second feet through a 3-foot opening of the gates. Flow 
around the t ra i l ing edge of the piers was satisfactory.  Motion pic- 
t u r e s  of the flow through the gate section were made for the design 
discharge.  

Water surface profiles shown in F igure  16 were recorded 
along the right and left training walls of the gate section, the center 
line of the spil lway, and along both faces  of both p i e r s  f o r  the maxi- 
mum discharge of 136,000 second feet .  The profiles showed that 
the countertveight f r ames  on the three radial  gates  shown i n  Figure 
7 would be partially submerged when the gates were fully open with 
the gate pin at the prel iminary location. In the prel iminary design 
the gates seated on the c r e s t  axis,  but a s  a resu l t  of these water  
su r face  measurements ,  the designers  moved the gate pin higher 
and f a r the r  downstream s o  that the gates seated downstream f rom 
the c re s t  axis  a s  shown in F igures  6 and 7. 



v e r s e  water surfa'ace profiles shown in ~ i g u r e  1 7  were  recorded f o r  
the design discharge urider the bottom edge of the gates  and under the 
counterweight f rames .  F r o m  these profiles, the minimum bottom 
elevation of the  skin plates and the minimum bottom elevation of 
the counterweight f r a m e s  were  determined f o r  the design flow. A s  
a resu l t  of these t e s t s ,  the desigxers  s e t  the bottom of the gate a t  
elevation 1930 for  gates fully open. The relocation of the gates  pin 
as tested here  was, therefore,  recommended f o r  prototype construc- .' tion. 

Calibration 

Calibration of the f r e e  c r e s t  disclosed that the c r e s t  was 
capable of discharging the maximum design discharge of 136,000 
second feet a t  maximcm rese rvo i r  e levat im a s  shown in F igure  18. 
The  efficiency of the c r e s t  was  indicated by the discharge coeffi- 
cient in the equation: 

Q = C L H ~ / ~  

where 

Q is the discharge 

L is the c r e s t  length, and 

H is the total head o r  difference i n  elevation 
of r e se rvo i r  and c r e s t  

For. the maximum discharge the coefficient was approximately 3.53 
as shown by the discharge coefficient curve i n  F igure  18. 

The  crest. section was calibrated for  gate-controlled flow 
f o r  use in prototype operation of the s t ruc ture .  The gates  were 
calibrated both in the prel iminary and revised location. ~ o t h  a r e  
shown in Figure 18. F o r  the ve ry  s m a l l  gate openings of about 3 

I 
feet  o r  less ,  and for  the large gate openings of about 40 feet o r  
more ,  the discharge was about the s a m e  whether the ga tes  seated 
on the c r e s t  ax is  a s  for  the prel iminary location o r  whether they 
seated downstream a s  fo r  the final recommended location. F o r  1 .  any given gate opening between these tvro ex t r emes  there  was less 
flow when the gates seated downstream f rom the c r e s t  axis .  The 
reason  f o r  this is that the effective gate opening, that i s ,  the shor t -  

+ e s t  distances between the c r e s t  profile and the bottom edge of the  
gate is l e s s  when the gates  s ea t  downstream f rom the c r e s t  ax is .  
The gate-controlled discharge curves  f o r  the recommended gate 
location a r e  c r o s s  plotted in Figure '19 s o  that discharges may be 
quite accurately interpolated for any combination of r e se rvo i r  e le-  
vation and gate opening. 



P r e s s u r e s  on the c r e s t  profile of the spillway were  r e -  
corded fo r  a range of uncontrolled discharges a s  shown in F igure  
20(A). All p re s su res  were  considerably above atmospheric.  P r e s -  
s u r e s  were  a l so  recorded for  a range of controlled flows with the 
gate in both prel iminary and recommended locations as shown in 
F igure  20(B) and 20(C), respectively.  In a l l  ca ses  p re s su res  were  
above atmospheric,  except for  s m a l l  gate openings which showed 
subatmospheric p re s su res  of approximately 2 feet  of water .  Since 
the discharge coefficient w a s  satisfactory and no seve re  subatmos- 
pheric p re s su res  were  encountered, the c r e s t  shape is: recommended 
f o r  prototype construction. 

Spillway Chute 

Flow entering the chute is shown in  F igure  11(B) f o r  ll,C00 
second feet with the gates open 3 feet and in F igure  12(D) fo r  the 
design discharge of 136,000 second feet .  Figure 21 shows the flow 
through the chute for  the design discharge.  A standing wave occurred 
on the center  line of the spillway chute a shor t  distance downstream 
from the gate section as shown in F igu re  21(C) and o thers  occurred 
a s  shown in F igure  21(D); however, the flow entered the st i l l ing 
basin fai r ly  uniformly distributed f rom one training wall  to the other 
a s  shown in F igu res  21(A) and (B). F o r  136,000 second feet  the 
flow enter ing the basin w a s  slightly more  concentrated near  the ten- 
t e r  of the chute a s  shown in F igu re  22. F o r  a l l  l e s s e r  discharges 
the flow in the chute was fa i r ly  uniform f rom one training wall to 
the other before enter ing the stilling basin.  This  good distribution 
was  instrumental  in providing the good action observed in the st i l l-  
ing basin. The 'flow distribution appeared to be sat isfactory a l so  for  
gate-controlled flows i f  the openings of the three gates  were  sym- 
metrical .  

Water sur face  profiles were  recorded  along the left train- 
ing wall for  s eve ra l  discharge and gate sett ing combinations as 
shown in Figure 23. The profiles were  used by the des igners  for  
determining the most  economical training wall heights. The left 
training wall w a s  chosen f o r  the water  sur face  profile measurements  
because the flow through the chute was in general  slightly deeper  
along the left training wall than along the right. The reason f ~ r  
this  w a s  that the spillway approach was not symmetr ica l  about the 
center  line of the spillway. 

Except fo r  training wa!! height', the chute as preliminarily 
designed is recommended for  prototype construction. Motion pic- 
t u r e s  of the flow through the chute were  made f o r  the design discharge.  



Spillway Stilling Basin 

Prel iminary Basin 

The stilling basin was tested to develop an economical 
basin that would dissipate the energy of the flow satisfactorily. 
The preliminary stilling basin discharging the design flow of 136,000 
second feet  is shown in Figures 24, 25, and 26. 

1 A 30-mihute model erosion tes t  with the basin discharging 
the design flow showed some erosion to occur at the downstream 
corners  of the s t r l ~ c t u r e  and in the center of the discharge channel 
approximately 100 feet downstream from the s tructure as shown 
in Figure 24(C). Except f o r  the corners ,  the downstream edge of 
the s t ruc ture  was protected very well by a ground rol ler  that de- 
posited bed mater ia l  there.  The discharge channel near  the cor-  
n e r s  of the basin was eroded by s ide eddy undercurrents.  Erosion 
at the left c o r n e r  was not quite a s  seve re  a s  erosion a t  the right 
because the higher channel bank on the left helped to prevent form-  
ation of the s ide eddy current.  At the intersection of the channel 
banks and the 90° wing walls erosion occurred along the wing walls 
as a resul t  of the side eddies. The banks of the discharge channel 
were also eroded due to sloughing of the wet sand but this does not 
truly represent  a prototype condition. Sloughing is common in 
model erosion tes ts  where steep banks a r e  molded in sand and does 
not necessari ly  represent  the action on prototype banks which a r e  
usually of m o r e  stable mater ial .  

The  stabili ty of the jump w a s  determined for  a range of 
discharges by lowering the tail water  elevation below the expected 
tail  water elevation shown in Figure 27. The tail  water was lowered 
f i r s t  to the elevation at which the chute blocks became partially 
visible, and then further  to the elevation at which the jump swept 
out of the basin. These elevations a r e  shown as curves in Figure 
27 for a range of discharges near  the design flow. 

I 
The factor  of safety between the expected tail water  eleva- 

tic'] and the elevation at which sweep out occurred appeared to be 
more than ample; about 11 feet a t  maximum discharge and increas-  
ingly more  than 1 P for  smal ler  discharges.  In fact, it was neces- I - 
sary ,  in conducting the tests,  to lower the elevation of the dis- 
charge channel in o rde r  to lower the ta i l  water sufficiently to cause 
the sweep out. 

I . The  basin was considered to operate at  maximum efficiency 
a s  long a s  the chute blocks were covered. With the chute blocks 
partially uncovered some of the basin was not utilized in dissipating 
energy, The chute block visibility curve in Figure 27 indicates the 



appear  and then disappear .  The curve shows that the tail water cHn 
be lowered severa l  feet  before the basin efficiency is reduced. F o r  
the maximum discharge the ta i l  water could be lowered 2 feet, shown 
in Figure 25(8),  without any par t  of the chute blocks becoming vis- 
ible. F o r  s m a l l e r  d i scharges  the margin became rapidly grea te r .  

The necessi ty  for chute blocks on the apron was deter-  
mined a s  shown in F igure  28. Fie;ures 28(A) and (B) show a basin w 
operating with and without the blocks. The blocks were found to be 
a r e a l  aid in helping the jump to form well upstream in the basin 
and in increasing the stabil i ty of the jump. 

Water sur face  profiles were recorded  along the left t ra in-  
ing wall of the s t i l l ing basin, Figure 23 .  The profiles show that the 
height of the prel iminary basin walls can be  reduced. The profiles 
a l so  show that the chute blocks a r e  w e l l  submerged  a t  the upstream 
end of the basin. 

The effect of the dentated end sill was  determined by tes t -  
ing the prel iminary basin without one, F igure  29.  The water s u r -  
face a t  the toe of the jump was rougher without the sill than with, 
but downstream f rom the jump the water su r face  was smoother  as 
shown by comparison of F igures  24 (B) and 29(A).  Without the sill 
the erosion was much m o r e  seve re  a s  shown by comparison of 
F igures  24(C) and 29(B). F o r  the design d ischarge  the ent i re  down- 
s t r eam edge of the basin was  in danger of being undermined by 
erosion.  Therefore ,  the use  of a dentated end sill is very  essent ia l .  

While the dentated end s i l l  was out of the basin an inter-  
es t ing bit of data was  observed. It was learned that with no sill the 
jump remained in the basin for  lower tail  water  depths than when 
the s i l l  was used, a s  shown by the sweep out curves  in Figure 27. 
The  reason for this was that without the s i l l  the length of the hyd- 
drualic jump extended beyand the end of the basin.  This permitted 
water  to flow back into the basin from the s i d e s  making sweep out 
m o r e  difficult. 

It was concluded from these t e s t s  that the prel iminary 
basin was well designed. However, it w a s  thought that perhaps a 
m o r e  economical s t ruc tu re  could be developed and that perhaps 
the erosion at  the c o r n e r s  of the basin could be reduced without in- 
c reas ing  the cost of the s t ruc ture .  

Proposed Stilling Basin Modifications Tested 

Several  proposed modifications to the st i l l ing basin were  
tested to develop the most ecor~omical basin and to reduce the e r o -  
sion at  the apron co rne r s .  The erosion tes t  r e su l t s  fo r  most of the 



and 31. A summary  of a l l  erosion tes t  resul ts  is shown in the table 
in Figure 32. 

With the apron f loor  4 feet  higher than in the prel iminary 
basin the s t ruc ture  would be more economical to  coiqstruct, but the 
erosion at  the apron c o r n e r s  was increased, F igu re  30(A), and the 
water  su r face  was rougher.  With the apron elevation unchanged 
and the dentated end s i l l  of the prel iminary design moved upstream, 

U erosion was  increased s t i l l  more  a s  shown in F i g u r e  30(B). With 
the prel iminary basin lengthened 45 feet  the e ros ion  a t  the co rne r s  
of the basin was not improved, F igure  30(C). With 45O s p u r  walls 
added at the basin c o r n e r s  a s  shown in Figure 30(D), erosion a t  the 
co rne r s  w a s  eliminated but the s t ruc tu re  became m o r e  costly. Re- 
placing the dentated end s i l l  with a sma l l e r  s i l l  with wider s lo t s  and 
s m a l l e r  dentates ,  approximately 0. 15  d2 high, was not effective in 
improving the scour ,  F igure  31(A). A basin with a sloping apron 
was  a more  economical design, but'the erosion pattern was more  
seve re  than for the prel iminary design, Figure 31(B), and the sweep 
out factor of safety was reduced as  shown by the sweep out curve in , 

Figure  2 7 .  

A low spur  wall that extended only 10 feet  above the basin 
floor elevation w a s  added to  each s ide  of the basin and was  found to 
produce v e r y  unsatisfactory erosion.  A short  portion of the dentated 
s i l l  was removed a t  each end of the prel iminary s i l l  adjoining the 
basin t ra ining walls, and this,  too was found t o  be unsatisfactory.  
An additional high block placed on the ends of the s i l l  adjoining the 
basin t ra ining walls did not improve the scour  pattern e i ther .  It 
was  a l so  found that the scour pattern a t  the c o r n e r s  was  not affected 
by the use of a slot instead of a dentate adjoining the basin walls. 

Since the prel iminary basin plus the additional 45O s p u r  
wal ls  that extended above the water  surface proved sat isfactory a s  
shown in F igure  30(D), it w a s  decided to test a more  economical 
a r rangement  of this s t ruc ture  to accomplish about the s a m e  thing. 
The training walls of the basin were  turned outward f rom the up- 
s t r eam end of the s i l l  on a 450 angle to simulate to some extent the 
45' spur  wal ls .  Erosion test  r e su l t s  shown in Figure 31(C) were 
bet ter  than for  the unaltered prel iminary design because no erosion 
was  found t o  occur a t  the co rne r s ,  but, instead, occurred 40 o r  50 
feet  in from the c o r n e r s  along the end sil l .  Some erosion s t i l l  
occurred along the 900 wing walls.  

1 
T h e  4 5 O  diverging walls made it possible for  the des igners  * 

to relocate the 90° wing walls 1 2  feet  upstream from the prelimi- 
n a r y  location a t  the downstream edge of the s i l l .  The designers  
considered this a s t ep  in the direct ion of economy, so  the mode1 
w a s  tested f o r  this a r rangement ,  Figure 31(D). The erosion 



wing walls and at the end s i l l ;  cornpare F igures  31(C) and (D). The 
resu l t s  of these two modifications led to the development of the 
recommended sti l l ing basin. 

Recommended Stilling i3asin 

The recommended design included the 45' corner  training 
wal ls  and relocation of the preliminary 900 wing wal ls  1 2  feet  up- 

b 
s t r e a m  from the end of the basin, plus one fu r the r  modification of 
the end s i l l  a s  shown in F igures  8 and 33. The s lo ts  between den- 
ta tes  at  each  end of the s i l l  were filled in to s i l l  height and fi l lets 
were  added to the s i l l  a t  the downstream corners  to conform to the 
slope of the channel banks. The s lo ts  were  filled in a t  each end of 
the s i l l  a s  f a r  out f rom the training wall  a s  erosion along the s i l l  
occurred in the preceding tes t  described above. Six s lots  on each  
end were therefore  filled; a distance of 64 .5  feet  out f rom the 
training wall. 

An erosion test  shown in F igu res  33(A) and (B) showed 
that a sma l l  amount of scour  occurred nea r  the ends of the 45' 
training walls, but the bottom elevation of the hole was s t i l l  above 
the elevation of the basin f loor .  No erosion occurred along the 90° 
wing walls except f o r  unavoidable sloughing of the model sand banks. 
Eros ion  tes t s  a l so  showed that the scour  pattern was  improved if a 
dentate r a the r  than a slot  was adjacent to the 45' training walls. 

The boil over the sill for  the design discharge was g r e a t e r  
than f o r  the prel iminary design, par t icular ly  over the filled in ends 
of the s i l l  a s  shown in F igures  33(C) and (D) but this was not con- 
s idered objectionable. Sweep out tes t s  were not made s ince the 
chute blocks were well submerged by the hydraulic jump fo r  a l l  
d ischarges with normal  expected tail water  a s  shown in F igure  4. 
The  curves  for  the prel iminary design in F igure  27 should indicate 
the sweep out charac te r i s t ics  of the basin.  

The flow distribution a c r o s s  the width of the basin w a s  
quite uniform f o r  all  d i scharges  a s  shown i n  F igure  34 except f o r  
114 maximum discharge.  F o r  114 maximum discharge the ap-  
pearance of the hydraulic jump indicated a tendency f o r  flow con- 
centration nea r  the training walls.  T h i s  is not important, however, 
s ince the ent i re  length of the basin is  not needed to  fully diss ipate  
the energy of a sma l l  flow enter ing it. Motion pictures were  made 
of the basin discharging the flows shown in Figure 34. * 

F u r t h e r  erosion t e s t s  were conducted usin 3/4-inch f crushed rock to  represent  prototype r iprap ,  The 3 ,4- inch  crushed 
rock simulated geometrically the 36 -inch prototype r ip rap  fa i r ly  



was  partial ly de t e rmi red  by noting the eroded a r e a s  evident in the  
erosion tes t  in sand, F igure  33(B). The init ial  2-hour teat run 
showed no movement of r i p rap  t o  occur along the end of the s t ruc -  
tu re ,  F igure  35(B).  Even on the s ide slopes along the 90° wing 
wal ls  the r i p rap  did not move a s  did the sand without the r i p rap  
protection. The downstream portion of the left bank failed, how- 
eve r .  The cause was determined to  be insufficient thickness of 
r i p rap  in the model t es t  o r  insufficient packing of the sand under- 

" neath because a repea t  tes t  did not disclose this failure.  However, 
the initial t e s t  did indicate that the waves f rom the boil a t  the cor- 
n e r s  of the basin may cause r i p r a p  fa i lure  of the prototype channel 
banks if the thickness of the r i p r a p  layer  is not sufficient. The 
repeat  tes t  shown in F igu re  35(C) was an  &-hour tes t ,  2 hours of 
which was with 1 / 4  maximum flow, 2 hours with 112, 2 hours  with 
314, and the final 2 hou r s  with fu l l  maximum discharge.  None of 
the riprapped a r e a s  failed in this test. Some of the r i p r a p  along 
the end of the s t ruc tu re  was covered with sand but the r iprap,  in 
general ,  was not dislocated.  

An additional 4-hour tes t  with maximum flow continuing 
f rom where the previous 8-hour tes t  left  off finally produced a 
gradual fa i lure  of the riprapped a r e a  on the downstream portions 
of the right bank a s  shown in F igure  35(D). One hour, model, is 
equivalent to  7 . 3  hours ,  prototype. The r e su l t s  of these t e s t s  were  
considered sat isfactory by the designers ,  therefore ,  this basin was  
recommended fo r  prototype construction. 
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A .  G e n e r a l  o v e r a l l  v i e w  

B.  Gate  opening 3 f ee t - -Di scharge  11,000 s e c o n d -  
f ee t - -Keco~nrnended  gate  pin locat ion.  Note  
flow pattern 
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F I G U R E  18 

REPORT HY0.390 r 

DISCHARGE IN THOUSANDS OF SECOND FEET 

NOTE: G a t e  opening is def ined os the d i f f e r e n c e  in e l e v a t i o n  

between t h e  b o t t o m  o f  t h e  g a t e  and crest elevation 1884.6 
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A.  UNCONTROLLED FLOW 

-ROC GATE 
SYMBOL RES. ELEV. c t s .  OPENING 

--- 1936.68 118,400 - - -  1 9 3 7 0 4  97.200 3 0  - 1931.07  73,100 2 0  -------- 1 9 3 2  0 9  &?,TOO 10  ---- I 9 2 5  8 2  18,800 5 
-0- 1921 91 10,800 3 

8. GATE CONTROLLED FLOW 
PRELIMINARY GATE LOC8TION 

--- 1939.46 12.3.000 -.-.- 1938 98 99 ,600  - 1939. 41 74.400 ------- I931 36 38,400 ---- 1923  8 0  11,300 
-0- 1922.99 11,000 

10 3 o 10 80 M G. G A T E  CONTROLLED FLOW 

P R E S S U R E  S C ~ L E  IN  F E E T  O F  W A T E R  REGOMYLNOEO GATE LOOA r l  ON 
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C R E S T  P R E S S U R E S  
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A .  Good d i s t r i b u t i o n  of f l o w  111 ch i l t r  
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S T A T I O N S  I N  F E E T  

S Y M B O L  

---- -..-.---.- -.-.-- --.- 
--------- 
-.-.-I(- 

D I S C H A R G E  

136.030cfs. 
100.OOO c f  5 .  

100 .000  c f  s 
I w.000 cf  s 
49 ,155  cf  s 
4S,155 c f s .  
23 .7e5  C ~ S .  

G A T E  S E T T I N G  R E S  ELEV 
A l l  qc tes  opened. 
A l l  pa tes  opuned. 
Side gates opened, center ga te  pa r t i a l l y  Closed. 1 9 3 1 . 7 4  
Side qo t r s  po r t l o l l y  ciored, center  pate opened. 1 9 3 7 . 5 2  
S ~ d e  qotes opened, center gote  closed. 1 9 2 0 . 0 2  
Side potes partrol ly c!ored, center ga te  opened. 1 9 2 8 . 5 0  
S ~ d e  qotes closed, center gate opened. 1 9 2 0 . 0 2  

NOTE: i n  eoch t a r t  the stde qote openings were tdentrcol 

WEBSTER D A M  S P l L L W b Y  

W A T E R  SURFACE P R O F I L E S  ALONG LEFT TRAINING WALL  
OF S P I L L W A Y  CHUTE 
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Report Hyd- 

A .  Preliminary basin. Normal tail water 

B. Preliminary basin-tail water elev.  4 feet 
below normal 

WEBSTER DAM SPILLWAY 
Preliminary Basin Discharging 136,000 

Second-feet 
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DISCHARGE IN THOUSANDS OF SECOND F E E T  

W E B S T E R  D A M  S P I L L W A Y  
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A .  W i t h  chu te  blocks 

L i .  W ~ t h o u t  cl~~rtc blocks 

Note: 'I'ail water depth is,  the same for A R U 
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Report Hyd - 

A .  Erosion test in progress.norma1 tail water water 
elevation. Discharge 136,000 second-feet 

B. Scour pattern after 30 minute model erosion test 

WEBSTEII DAM SPILI.WAY 
I-'relirninary Basin Without End Sill 
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:\. 133sirl aprorl elevatccl 4 feet 1 5 .  lincl s ~ l l  move(l up st rear;^ 22 feet 

C .  1%as1,1 ! e n o h e n d  4 5  feet D. 45O spur  walls added at basin corne r s  1 g 
-0 2 

Scuur. I tn t te r -ns  :lftcr- :jO h l ~ n u t c  hlodcl Erosion 'Tests W ~ t h  1 3 0 ,  000 SeconcI-feet 5 2  
z s  x; 
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11. Sr11;iller end ~ l i l ,  7-112 feet high, w ider  s lo ts  1 3 .  Sl~-)pitig : I ~ ~ C I I I ,  L I ~ S I  : - t - ;~r~ i  e~ i ( l  I! lt!v;~te~l :< Sect 

. 45" tr.:iin:rl~: w n l l s  st l~as i : :  c .c~~'r~cr': .  13. 45" training w a l l s  with 90' wing walls moved 
upstreall? 1 2  feet 
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Sc .uu~  IJattc:.ns After 30 hlinutt' Model Erosiori Tests w i t h  136,000 Second-fret ?23 
2; 
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: Erosion :Scour &nth (?t)* 
STIlLLOQQ BASIPJ A l l w R m m T  : test  : Right : kit - 

: Figure No. : corner : comer 
Preliminary besin 24 -6 : -3 
Pre l ia i~ lrry  h a i n  vithaut end sill : 29 : -30 : -21 
Prel-ry W i n  with apran 4 feet h i g h r  : 30(~) : -6 : -6 
Preliminary baain viti: endl sill moved upstream : ~o(B) : -12 : -9 
22 feet 

P r e l l m b m y  basin lengthened 45 feet : 30(C) : -5 : -4 
Prelincnrry h a i n  lan&hened 45 feet erd aprm : - . -6 : -6 

4 feet higher 
hreliminrrry bsln lengthened 45 feet plue 4 5 O  : - : + 3  * 

a p u  -11s 
Pre1hiapz-y boob with 45. spur FAUU : 3 0 ( ~ )  : -1 : +l 
Pre1haimx-y basln with 45. spur walls end apron : - -5 : 0 

4 feet higher . 
Prelininmry bairn with r W e x  end g i l l  : S(A) : -7 : -8 
PrelisPirtsry bmb with upatreem end of apron : 31(~) : -6 : -7 
elevated 3 feet (slopin4 epraa) 

Prelirimry basin with elaping apron with tail : - -5 : -4 
ur-r b p % h  2 feet abova normal 

Pral-ry b s e b  vlth rlophg aprcm with tail : - : -4 : -3 
water depth 3 feet abow XI- 

h'elimizmry borrln with sloping r p m  plus 45. : - : -10 : -7 
epur U s  10 feet high above and of b i n  : 
and tgiL #tar dapth 3 feet a b w a  n u  

P n l h l n a r y  b o i n  G t h  450 comer trabing wails: : +3 : +3 
Pmlimiauy baain with 4S0 comers Md 90' w i n g  
wall8 relocated 12 faet farther u ~ t ~  

*Scaur depth is the  Qpth of erosion or deposition as indicated by 
the p l u  en8 dnua si(pu at the left and right corners of t k ~  basin looking 
domatream meoeured fran apran e1evatj.m along end s i l l .  

UEESTm LlAH SPUUAY 
Eroaicm Temt 8uarary--136,000 Second Feet 

1 :% scale model 



A .  T h e  s i x  s lo t s  nearest training ,wall a r c  filled 
in  t~ sill height. See Figure 8 

1 .  S c o t ~ r  p a t t e r n  after 30 Irilnnte nlodel el-os~on 
test .  Note absence of erosion along s i l l  

C Note boil over erid s i l l  I?. Boil 1s highest over the fillecl ~n slots 

WEBSrI'EH DAhl SPI12L.\Yt\Y 
Perforrr~ance and Erosion 'I'ests on tieconlrnendt?d Stilling Uasin- -1SG,  000 

Second -feet 
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11. L i 4  H I ; - ' X I I I H I I I I  d 1 > ( : 1 ~ . ~ 1 ' g ( : ,  34, u o o  S C C O I ~ ( ~ - ~ C C ~ .  
l.lo\t ci~str . i t jut iun In basir 1s riot u r ~ i f o r ' r l l  
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